The relationship between the size of a hospital, as measured by its average daily census, and the percentage occupancy of its beds has fascinated students in hospital planning and administration for many years. A further extension of this relationship to include the cost of operating that bed reveals the importance of this inter-connection. If, indeed, the factor of the size in small hospitals results of itself in a low percentage of occupancy and consequently, in high operating costs, then this relationship is not only fascinating but should be understood as a basic determinant of hospital economics.
and considered rather shaky in the light of present hospital practice. It is assumed that every admission to the hospital is a random occurrence that is independent of every other admission. This eliminates scheduled admissions and waiting lists for nonemergency elective admissions. Another supposition made in accepting a Poisson distribution of hospital census is that all patients' lengths of stay follow a single negative exponential distribution. This also does not withstand examination.
If a Poisson distribution is used as an indicator of bed needs, the result is ultra conservative when it is hypothesized that the extreme limit of the occupied beds will not be greater or less than four standard deviations from the average census. For any average census, this would imply a service failure with a probability much less than 0.001. Solving the formula c+ 4 /c for various numbers of beds, the percentage of occupancy expected on this assumption can be determined.
The result of such a mathematical projection demonstrates that an 80 per cent occupancy is not reached until somewhere between 300 and 400 beds are used in the formula. Such a mathematical projection does illustrate the fact that smaller institutions will tend to have a lower occupancy than larger institutions but is in no way predictive in new situations for which only population characteristics are known. What is probably true is that hospitals are a "mixed" system, responding in part to several random demands, and in part to some level of schedulable demand. Such a theory would explain the difference in distributions of occupancy between various clinical services in a hospital. Obstetrics probably is more "random" than medicine, which is more "random" than surgery. Expected occupancy levels would vary inversely with this "degree of randomness."
The basis for this conceptual model of the hospital was advanced in less exact terms in a paper covering the first aspects of this investigation. 2 Blumberge clarified the approach in isolating the probable different inputs to each "Distinctive Patient Facility." While this latter paper was primarily concerned with the prediction of bed needs, the possible economic implications of these various inputs was also mentioned.
The purpose of this investigation is to demonstrate not only that the size of the obstetrical service (as measured by number of patients discharged) affects its average occupancy, but also to show the effect of size in terms of direct costs of operation and investment costs. The character of the prediction problem may be observed if one attempts analysis using past experience. Table 1 (A, B, C) divides the 33 hospitals in Connecticut with obstetrical services into three groups according to the number of obstetrical discharges, Group I having over 2,000 discharges a year, Group II discharging from 1,000 to 2,000 obstetrical patients a year, and Group III having under 1,000 discharges a year. There are two factors other than size of these hospitals which may contribute to these differences in occupancy: the average length of stay and the supply of beds relative to the demand. The first of these is included in column four of Table 1 , and though the average length of stay varies from 2.8 days in Hospital III-5 to 6.3 days in Hospital II-10, there is no significant difference in the average lengths of stay among the hospitals considered as groups. When the occupancy is corrected for length of stay, there is still a significant difference between the percentage occupancy of hospitals in Group I and Group II and between Group I and Group III. The only difference between the raw and corrected occupancy rates is that the significant difference in the comparison between hospitals in Group II and Group III disappears. The original observation that smaller maternity services have lower occupancy rates still stands when the data is corrected for average stay. It is almost impossible with the data available to measure the supply of beds relative to the demand for obstetrical facilities much less to predict the facilities required for any level of service. The only way any information of this kind could be obtained at all would be a comparative count of the days within a given year when all the beds were occupied in each of the hospitals. Even this would not allow effective prediction of facility economics. Other measurements of bed utilization such as discharges per bed are affected by the per cent of occupancy (the factor to be isolated) and the average length of stay-the factor already considered. The only measurement possible with the data available-and it, too, contains some elements of the above factors-was to determine whether the size of each maternity service equals its average census plus three times the square root of its average census. A breakdown of the way hospitals in the three groups satisfied this criterion is contained in Table 3 .
As can be seen from this chart the hospitals in the various size groups do not differ significantly in meeting this criterion. The criterion in fact 95. fits the capacities fairly well: 25 of the hospitals were within plus or minus five beds of their average census plus three times the square root of that census, and the net bed difference between the projected and actual maternity beds for the entire state was but -13 for a total of the 33 hospitals with 1,150 maternity beds.
Thus there are indications from actual data gathered from the 33 hospitals in Connecticut which contain maternity beds that the size of the maternity service has some influence on the per cent of occupancy of the service although the factors of average length of stay and the supply of beds relative to demand were not held exactly constant in order to fix this relationship.
COMPUTER SIMULATION OF THE MATERNITY SERVICE
One way of holding these two factors constant is to simulate the activity of the maternity service in one of the study hospitals under varying numbers of admissions. Because average length of stay and number of beds relative to demand would both be constant for all runs, the direct relationship of size to occupancy could then be determined. The development and validation of this simulation model was previously reported.'
What is required is a prediction of the distribution of occupancy which can be. expected for any set of population characteristics and any number of beds. As a demonstration of the kinds of prediction which might be made through simulation and the use to which this might be put, an input distribution based on the study Hospital (I-2) for 1961 was postulated and this rate was increased and decreased preserving the relative properties of the original distribution. The service time distributions for the various facilities were taken from these same records. The number of beds and the numbers of each facility (labor, delivery, and post partum) were made large enough so that jamming would not occur. The output thus shows the relative service which might be given by any structure of facilities. For example, if the number of beds are determined for which the service level is 95 per cent*, the relationship between size of population served and facilities required can be demonstrated. The cost and efficiency of maternity facilities as a function of admissions rate can then be plotted.
The results of the simulation runs are contained in Table 4 . The clear relationship between size and occupancy as expressed by the beds required to serve 100 patients in a year free of differences in length of stay and * This means that 95% of the patients can be accommodated by this number of beds.
The remaining 5% could be cared for through the provision of flexible facilities, or through advancing the time of discharge for patients ready to leave the hospital.
supply-demand factors is evident from the graph (Fig. 1) . It would seem that there is little difference in occupancy in maternity services which care for 4,000 or more births a year, but below that rate the number of beds per 100 patients per year tends to rise and begins to rise more noticeably below 1,800 births a year. Relationship between maternity beds required and size of maternity service (for three service levels).
The difference between the simulated runs and the actual experience gives us some very interesting technical and economic information concerning maternity operations. We can see from Figure 1 that bed investment costs per 100 patients served level off at 4,000 admissions per year but become increasingly higher below this level. The number of labor. delivery, and post partum facilities required as a function of admission rate is shown in Table 4 , giving us even greater investment requirements for the lower admission rates. Conversely, we discern the point at which size ceases to pay off in terms of lowered investment cost per patient served. Operating costs are difficult to isolate but it can at least be inferred strongly from available data that direct costs per day are more than proportionally higher for maternity suites serving small populations.
The measurement used in evaluating the cost to a community of these variously sized services was what is called the Direct Cost of Routine Services for maternity patients. It was felt that this cost as reported in Connecticut was the "cleanest" figure obtainable, uninfluenced by variables such as interest charges, overhead allocation or varying patterns of special service utilization. Furthermore, when Direct Cost of Routine Services When these costs are submitted to the same analysis by individual hospitals as was done for occupancy, Table 5 results.
Though differences in each hospital by group are not as marked as in some of the previous charts, there is a significant difference between the costs of Group I and Group III. This evidence coupled with the differences in average group costs warrant the conclusion that size of unit affects not only investment costs but the direct cost of operating that unit as well.
Though total per diem costs were considered as having within them too many components to reflect the economic relationships between size, occupancy and costs, total costs and revenue can be used to indicate the magnitude of the problem. The corrected average total cost per diem for the 33 hospitals was approximately $37.77 while the average income per patient day was $37.46, indicating an operating loss of $0.31 a patient day. When the hospitals are examined by group, however, a different picture emerges. Group I hospitals on the average profited at $1.51 a patient day on maternity patients while Groups II and III lost money on this service at the rate of $0.86 and $7.97 a day, respectively. When each hospital's ex- perience above and below the median value is compared as in Table 6 the by now familiar pattern of differences between the groups again emerges. It would appear then that not only do maternity services in the smaller hospitals cost more, but they are less able to recover their costs than are the larger hospitals.
DISCUSSION
The implications of the study are, the authors believe, important for three reasons: (1) the general increase in our knowledge of basic economic behavior of a hospital sub-system, (2) the elaboration of a methodology, in this case computer simulation which enables the researcher to study the problem free from the inadequacies shown earlier in empirical information, and (3) the practical application of the results in hospital planning and administration.
The first and most obvious application of these principles lies in the area of planning for maternity services. Thirteen of the 33 hospitals in Connecticut were situated in six cities, five cities having two hospitals and one city having three hospitals. When these multiple hospital towns are compared with our predictions of what are economically feasible services, some rather startling results emerge. In one city there was a Group II hospital with a 37-bed maternity unit of a marginal size economically, but since the service was required by the Community it had to be provided. However, very shortly after the war, a second hospital was built in this same town with a 10-bed unit and as a consequence at last reports the 10-bed unit was operating at a 77.1 per cent occupancy while the 37-bed unit was operating at a 50 per cent occupancy.* These two units are maintained at an enormous cost to the community. It would have been far more economical to have concentrated all the maternity beds the town required in the one unit. Predictions of the kind made by the simulator would have allowed the direct pricing of these alternatives. In another section of the State there are three hospitals within approximately seven miles of each other, each discharging approximately 1,300 patients a year from their maternity services. These three Maternity Services contain 99 beds at the present time. Projecting the facility requirements for a load in the range of 1,300 to 1,400 deliveries a year on the * These occupancies run counter to both the theme of this paper and experience in other areas of the State. The higher occupancy of the smaller unit can be explained by the pattern of medical practice in the city. Though some obstetric physicians admit only to the smaller hospital and other physicians to the larger, there is a group who can admit to both, depending on the availability of a bed. Thus the smaller unit does not have to be large enough to care for every possible patient who may require admission. There are, because of these double staff appointments, overflow beds available for some patients in the larger hospital.
simulator and comparing three such units with the facilities required for a single Maternity Service serving from 3,900 to 4,200 admissions a year results in the data of Table 7 . This Table demonstrates not only that substantial personnel savings can be anticipated by operating one unit instead of three, but that fewer beds serving a larger population would result in higher occupancy. In addition, the Delivery Suite requirements in the single unit are significantly less than would be necessary for the three services operating independently. It is important to recognize that the service given by these alternatives is at the same level.
With information of the kind obtained from this model the unnecessary, expensive duplication of maternity beds in a community, especially when multiple units will result in each of them being of an uneconomic size, can be costed for the community's knowledge, and perhaps if costs had been stated in these terms different kinds of facilities might well have been constructed. When this is coupled with the strong implication drawn regarding direct operating costs for services designed for patient populations of about 1,000 per year, the economics seem to us persuasive.
But what of those hospitals which must have small obstetrical services simply because they are the only hospital in the community? Is there any way to free their obstetrical utilization from this Poisson-like prison of random demand, low occupancy and high costs? The artificial isolation of obstetrical beds from the beds in other services not only results in low service occupancy, but may result in waiting lists in surgery, for example, because empty obstetrical beds cannot be utilized for the surgical patients.
If such isolation is required for medical reasons then the cost of such a policy is one the community must bear. If, however, this random system is being maintained because of out-moded regulations which no longer apply, this study demonstrates the cost of such regulations. Is it not time to inquire into the validity of the medical reasons dictating the practice that nonmaternity patients can not be treated in the maternity service? The substitution of a "mixed input," part random and part scheduled to these beds, could raise their percentage of occupancy. In these days of increasing hospital costs is it not necessary to consider every possible alternative which might result in more efficient utilization of all hospital beds with a consequent decrease in cost per patient day? CONCLUSIONS We feel strongly that computer models of the kind described in this report can and should play an important role in hospital administration. That the benefits to be derived for both planning and operations could be really significant can be appreciated only by considering the magnitude of the dollars allocated in our economy to these services. A contribution to the investment problem has been demonstrated. Additional contributions can be made if the approach illustrated here is used by those responsible for decision making in the design of health services.
